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HIGH-SPEED OXIDIZING GASEFICATION OF BEHZM 

/Following is the translation of an article by M. I. 
Dercnet'yeva, M. A,' Rivin, and D. M. Rudkovskiy, entitled 
»Vysokoskorostnaya Okislitel»naya Gasifikatsiya Benzina" 
(English version- above) in Zhurnal Prikladnoy Khisaii, 
Voll 19» No. ?, Moscow, 19^6, pages 632-6507/ 

fhe process of the high-temperature decomposition of 

petroleum fractions forfthe purpose of obtaining gases rich in olefinic 

hydrocarbons has been the object of a number of studies (Bibl. 1» 2). 

Dubrovay, Chelintsev, et. al... (Bibl. 3), and subsequently Dobryanskiy 

and Bpgomolov (Bibl. 4) discovered that the introduction of small 

amounts of       oxygen into the process of thermal decomposition 

of hydrocarbonsincreases the total yield of the gas and the yield of 

the olefins —- ethylene, propylene» and hutylenes. 

Our goal was to investigate the process of obtaining gas from 

liquid fuels as previously suggested by one of us (Bibl. 5» H)» 

considering that the forced method of obtaining rich hydrocarbon 

gases may find application in many branches of industry and national 

economy. 

This method-of gasification of hydrocarbons   can be applied to 

obtain: (1) industrial gas; (2) rich power gas (for, among others, 

transport power installations); and (3) chemically valuable imsatitratedL 

gases. 

The follox-s&ng postulate underlies the investigated process; (l) the 
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process of gasification should be completely autonomous in the thermal 

and chemical sense» which is of particular importance when this process 

is utilized •£*> ob^O-i-A foWor^i, (2) this should be a. high-temparature 

process, which is necessary to achieve a substantial gas yield and to 

"force" the process and the apparatus; and (3) the gasification should 

be oxidizing, because the volumetric determinatibrnof heat during 

oxidation is the most perfect and effective method of -fro***' *i<|  heat 

into the zone of the .  ©ndotherraal       decomposition reaction. 

The presence of oxygen should promote a more extensive <$) SS0"c?/<ft<6n «f 1^6 

original fuel, and the dilation of the fuel with nitrogen 

should     retard the process of the formation of heavy molecules 

from the products of primary decomposition. 

The thus developed process was termed by us "high-teiaperature 

oxidizing gasification" (Bibl. 5), which reflects most fully the spe- 

cific features of this process. The difference between gasification and 

other' processes, including pyrolysis ancUoxidizing cracking, consists 

primarily in that the purpose of gasification, ., pre-determlning the 

selection of all parameters of this process, is to obtain a maximal 

gas yield. The      range of working temperatures, composition of- 

the gasified mixtures, etc., all are geared to this purpose. 

Selecting the Basic Parameters of the Process. A high unit produ- 

. ctivity and high gas yield during the gasification can be 

achieved by applying high reaction temperatures. The optimal temperatu- 



1 res may differ for different types of raw material} according to their 

fractional and group composition;, because the spsedspf*decomposition. 

reaction may differ. An analysis of the available data (Bibl, 5) shows 

that these temperatures should be not b&lwf 800°G. 

A rational construction of the thermal process» deep 

dissociation of the original fuel and ssinlmal d^p6%itkn   of. col«© 

are achieved by using oxidizing decomposition, in which. the dissocia- 

tion proceeds in the presence of oxygen. In this case, the heat 

necessary'to materialize'the reaction is released uniformly throughout 

the Hi4Ss and this eliminates a number of major technological diffi- 

culties involved in introducing a large amount of high-potential heat 

through the walls of the apparatus.* 

The achievement of      .    ■ deep dissociation is most diffi- 

cult when the yield of high-asoleeular products and carbon is low. 

The    -specific effect of .the   ' dilution with air should  *  . 

manifest itself primarily in the decrease in the partial pressure ofline 

fuel arid the products of its decomposition in the reaction zone.    In 

general the decomposition reactions correspond, wall with 

the former, and the condensation reactions — with the latter; thus* 

the decrease in the condensation of fuel because of dilution should 

reduce the speed of the condensation reactions without exerting an 

appreciable effect on the  rate of decomposition* 
*The technological advantages of the volumetric introduction of heat 
by means of oxidation have been investigated in sufficient detail by 
the originator of the method of oxidizing cracking, K. K» JDubrovay.   I 
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t "' Only the nitrogen of the air can be considered as the inert diluent 

here. The chemical effect of the oxygen entering into the reaction is 

difficult to anticipate, because oxygen catalyses both reactions. The 

catalytic        influence of oxygen has been determined on3y 

- .^qualitatively» s© far. Nonetheless, it appears quite 

fiftWt -«£• <■' postulate that oxidising decomposition in the presence of 

comparatively high concentrations of oxygen should lead to a deeper 

dissociation of fuel than that brought about by a   purely thermal 

decomposition. 

The basic parameters determining the course of the process of 

oxidizing gasification ares temperature» reactih time, and air con- 

centration. 'TjK-e- study* or the influence of these parameters on the 

character of the process, composition of the products, and thermal 

balance of the reaction    is the purpose of the present investi- 

gation. The influence of other factors, such as pressure, size 

Approximate thermochemical and kinetic calculation^and tentative 

and design of the     y^äncTwall material, was not investigated. 

experiments have led to the conclusion that   in order to attain 

high gas . yields and a low yield of high-molecular pro- 

ducts of condensation, and to achieve thermal     autonoasy, the 

process should take place at temperatures of the order of 900-1,000°C» 

reaction timeT of the order of several hundredths of a second, 



and air excess coefficients^ of fro, 0.1 to 0.15. TJ-59 hen.ine was 

selected as the object of investigation, This selection «as based on 

the following considerations. Preliminary experiments revealed that 

(as analogously indicated by Dubrovay (Biol, 3)) the greater part of 

the liquid product« of reaction 'noils out to the same extent as the 

starting fuel. In the ease of hensins that part of products can^bs 

easily utilised for burning together with gas. The selection o^B-59 j 

benzine was dictated by special circumstances. The optimal product  j 

. *ould be the one contain^ the greatest amount of paraffinic hydro- j 

'■ carbons, because the the naphthenlc and, especially, aromatic bsn.inesj 

are bound to yield * large amount of high^oleeular produots of     j 

• condensation^ and tars. '   I . 

i 

; ^rki^xMetM^ The experiments were conducted in tubular reaction ; 

j vessel 2 shown in Fig. 1,  constituted by a tub* of STa-l-T steel " 

• measuring 2<x20 m in diameter and 1,100' m in over-all length, and j 

1 enclosed in heat insulation. The heating of th» reaction : 

| vessel was effectuated by passing a lo^oltage current through the      j 

tube's nails.    Tm temperature of the vessel was adjusted (mthin the j 

limits of +5°C) W ^s of ft mmh heattng ccmtroller =««Qfafltupad byj 

! the "Plro««tr- Plant with a sensor constituted by a chrome^ 

| alums! thawiocöuple.    Fuel delivery was .eaawad by »leans of fluid* 

r flowaeter 1-1 (Fig.  2).    The flossier vas provided with a set of 

«* See Page 5a 
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*~j>7Ga3 3~air coefficient"  denotes  the ratio  of  „the 
to th e amount of air mount   of air  in the mlxtur* 

necosa^r?;' for a eoiiKdote  c onions t ion of   the fuel 
c-vfl. --iMrit; i or a  i;ijeorsi;ica.u..y  ideal ^ _   .    .   _ ..... U     -LXA     wliC*     J.Ü.L.A :.*;ui. a * .... ir 

mir'tura,   of ™  1,  T?bile for  a Mixture ^i th insuff Iciaiti 
fi^uloOl,  end for  R. inix.tu.ro v.'ith   excess c£   fuel Ö("2> 1.! 
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calibrated noszles whose graduation was periodically re-checked, Duriijg 

the escperiffleats fuel delivery was maintained at a fixed rate. Fuel 

' consumption was. verified by weighing before and after the experiment. 

Fig. 1. Schematic Kepresent&tion of the Reaction Vessel 

1. T-pipe to supply mixture; 2. Reaction vessel? 
3* Copper contacts; k.  Thermocouple c<x,stri^ 
5« Twin-duct porcelain aidget tube; 6- Thermocouple? 
?. Porcelain casing; 8. Heat insulation 

r-dV....-   'rMJ 

mV  5rn-J& 

Fig. 2. Schematic Bepresentation of the Supply of Fuel-Air Mixture 
to the Reaction Vessel 
1. Pump; 2. Cushion; 3« Valve; 4. Preheater; 5« Sheometer; 
6. Mixer; 7« Manometer? 8. Mr feed; 9» Benzine tank; 
'10. Benaine feed; 11. Benzine meter; 12. Evaporator 

The Biixar is presented schematically in Fig. 3« The diaphragm on 

theöttttßtof the     mixer was conducive to a rapid interaixLng 

of fuel with air. 



■m , 

Pig, 3, Schematic Representation of Mixer ■     ! 
A - Ais*? B - Fuel vapors; G - Diaphragm.; D - To reaction vessaSL 

Fig. '* shows th® scheme of the cooling,measurement 

and collection of samples of th© reaction products le&x^ing the reactioi 

vessel. Th© gases and vapors LGd-Vfag   .the reaction vessel through 
i 

midget tube 1 were cooled in two parallel metallic reflux condensers t 

2 and thereupon hi^M&f'f  through valve 3 or proceeded through valve j 

k> into th© testing system/ Th® condensate and %?at©r wsre driven off j 

into flask 5 while the gas together with the fine-disperse mist of j 

condensing fluid was fed into- Smitt filter* 6 j 

which drove off completely all the liquid phase,     .depositing j 

it into flask 7.              ?t\$ 

ffrjyf 
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Fig. 4. Schematic Representation of the Measurement and Collection of 
Samples of Reaction Products 
A - Bleed«off outlet? B - Water; C - Reaction products; 
D ~ l-feter? E. Bleed-off outlet; P.-To gas meter; 
G.- To rectification 

*The Smitt filter consists of a cosraact parcel of glass wool and, when 
properly packed end sdaed. it: prevents the 
passage of the m'mufca fluid particles suspended 
in the gas. 



i » ■ :  
;   Thence the gases and vapors proceed-Into large     glass coil 8 

; immersed in a cooling mixture of ice and salt, where a part of the 

| condensed water     vapors and liquid hydrocarbons sedimented, 

and the remaining' gases and vapors passed on through a silicagel-fillejd 

metering tube 10 and were ;    bled off through valve 9 and the gas j 
I 

meter and burned out, ! 
i 

An average gas sample proceeded through valve 11 and the rheometer j 
i 

into the ' rectification column, which was cooled with 3äquid air.j 

The uncondensed gases were collected in an emptied 20-liter tank. ; 

Daring the experiments the rate of delivery of gases into the system ■ 

was maintained    constant. .-  . ■ 
I 
i 

After heating the reaction    vessel to the desired temperature, ! 
■ / I 

and after heating the preheat er and/evaporator to 350°G, the working 

mixture was blown through the apparatus for a few minutes and the | 

reaction products were bled off (Fig. k).    Thereupon valve 3 was 

closed, &MNS opening valve y and the systematic recording of the ' 

instrument readings was commenced. The movement of the thermocouple : 

along its casing was used to verify the temperature distribution 
i 

along the reaction vessel. This was followed by conducting 

the rectification of the gas and driving off the products absorbed by ( 

the silieagel. After the cooling of the reaction vessel the thermo- 

couple casing and the cap at the opposite end were unscrewed and the 

carbon on the walls of the rsaction vessel was scraped 

off with a special brush. The   ,     obtained carbon was^Ajf^ 

8 



1 and calcined in an air current at 120°0 to a fixed weight. The diffe- 

rence in weight before and after the calcining was assumed to be ths 

, weight of the deposited carbon, 
ReduoiJig the 

f^^^iSA^S^J^M.^§h^§%^..   ^® theoretical amount of air needed for 

a complete     ■comoustion *'ts accepted in all calculations at 
j 

15 kg per kg of benzine. : 

The material balance sheet of every experiment was ärav.ai up by  i 

comparing the weight of the taken and the obtained substances, The  j 

amount of the obtained substance was determined in the following manner 
I 

The areount of liquid hydrocarbons was determined by direct weighing.j 
, ■ ■. ■■.■'■:"■'-■::.. . v*13 .Katliematioal .. '  > 

The weight of ths gas was determined &sM product of its volume   j 

(or, introducing corrections for temperature, pressure, moisture) 

and the volume-unit weight. 

The amount of ths forming water was computed according to the con- 

sumption of ths introduced oxygen, on the assumption that the formation 

of water required an amount of oxygen equal to: 

|04,, ,.«!<>..!   {introduced. — jo..jm~io.,L —10,1 I residue in gasi 

The reason was because very little of thabrganic oxygen compounds 

were found in ths reaction products, so that these compounds could not 

be taken into account when compiling the material balance sheet. 

The yield of carbon was no higher than several tenths of a percent 

and therefore it was not considered in the balance sheet* 



The thus reduced material balance sheet involved deviations of 

normally not more than one or two percent. The experiments in which tie 

deviations exceeded 3«5 percent were as a..rule scrapped. 

Analysis of Reaction Products 

Analyst? of Gas 

Rectification of the gas was'conducted in a device with a copper 

rectification column designed by the laboratory of the Khimga« 

ß^X-ünxon Scientific Research Institute of Chemical Treatment of 

Gasej? (Bibl. ?). 

The content of olefln.s was determined by the. sulfur!c-acid Method 

(Bibl. 12). 

The content of CO2» CO» and C? was determined by the absorption 

method in an Ors type device. j 
I 

The content of hydrogen mas determined by burning over cupric oxidej. 

The content of saturated hydrocarbons was determined by 

burning over a platinum .£&?&-«- 

The weight of one liter of the gas was determined by the 
j 

pyenometric method. j 
! 

Analysis of Liouid Products 

Specific gravity was determined by the pyenometric method. 

Fractional composition was determined by Engler-type fractional 

distillation. 

Mean molecular weight was determined by the cryoseopic method. 

Content of actual tars was determined by the standard method, of 

10 



evaporation in a bowl to a fixed weight.  Inasmuch as the condensate 

contained a greater amount of tars compared with the benzines, there- 

fore it was diluted by adding B-59 bensine. 
reaction prodxiots'' 

The amoant of the «»saturated  A ■■ • " Tin the'fraction with b«p» 

of' .'up to 200°C was determined by the method of broisina numbers. 

The total content of unsatur&ted and ..' • aromatic hydrocarbons was 

determined by treatment with Kattwinkel*-s mixture« 

L       f. - •=• ' | 

It is the amount of actual tars in the products of gasification that 

'' 1constitutes an important index of the suitability of the gas forj 

! power installations. The WQIUBB   determined, by thefstandard method j 
&*$?**.' of | 

cannot be considered accurate, because the highC'ülSltSFataon of the  j 
A j 

liquid products of gasification is conducive to the formation of tars j 

in the process of their determination* For instance, in the freshly 

driven off fraction with"b.p."!up to "l50°C, in certain eases» 

3 as much as ?5»100 tag of actual tars tended to form per 100 em of the 

condensate in the course of the determination. 

Consequently, the tabulated, tar yields could be regarded only as 

upper limits. The question ©f the possibility of using the obtained 

gas for power pxtrposes without first purifying it. froa tars requires, 

therefore, a special study. 

Processing the Results of the Experiments .. 

Determining the.,»Reaction Temperature.*  Already the first few 

experiments had shosm that the concept of reaction temperature is 

11 



; purely nominal when applied to oxidizing gasification, because ~ ' . J 

.  reaction is by its very nature non-isothermal. 

During the evolution of a reaction the temperature field of the 

'  .   I 
reaction vessel becomes strongly distorted, forming a peak at the   I 

• . i 

beginning of the reaction tone, with the height of the peak, depending i 

i 
on the composition of the mixture and the rate of its delivery. The j 

determination of the mean temperature of such a reaction involves   \ 
i 

fundamental difficulties. Therefore, the nominal temperature,     j 

..IT"" -      .-.- ' •> asjadopted for processing the results of the experiments?, 
i f 

was assumed to be the temperature at the end of the reaction »one, ' 

because» at given 0(  and given contact time *£* that temperature can - i 
i 

'.^fcYVe ',- to characterise the composition and properties of the   I 

gasified fuel. It should be addöd moreover that the temperatures   ; 

measured by the thermocouple are not true temperatures of the gas» 

because of ;■'• ' radiative heat exchange 

between the surface of the thermocouple's casing and the inner surface 

of the reaction vessel, and the presence of heat transfer along the 

wall of the thermocouple*s casing, which causes the temperature distri- 

bution curve to become somewhat smoothed out. ' 

fhus, "reaction temperature" according to which the results were | 

classified, is nominal both inherently and in the sense of the method j 

used to *   _.,. determine it. 

Contact Time,  Contact time was construed as the time of sojourn 

of theibenzine-air mixture in the reaction sone, with the unit volume 

12 



of that mixture being related tc reastion temperature and to    the 
at  tho   outlet  of 

pre^sara *    the air orehe'ater.    An increase in volume as a result of 
A i 

the reaction was not considered in the calculations because, on the i 

one hand, this increase vas relatively small in view of the considerable 
I 

dilution of the air by nitrogen and, on the other, calculations accordi 
| 

ing to the arithmetical mem  of the unit volumes before and after the { 

reaction do not, by any means, yield the true reaction time. Thus, ' 

the «true* reaction time is actually somewhat less than indicated in \ 

the tables — on the average, about 1.2-1.3 times lower. j 

2EiS£Ü°Ä-i2S£tIL. Pi-g« 5 illustrates the method used to determine 

this zone« The length of the some proved ■ to be virtually identical 

in all experiments as a result of the comparatively high ' 

'oxidation 'rate and the commensurate heating of the mixture' to the 

str.'.rtin:? ' sector of the zone. 
--.; —A ■ 

T. iesc\- ->—;■-/4-V- 

...I 

K 

--V 1 
5    ?.D        iC        60        30 
C- 'äBWWM •>;■■■ Är.vsr 5 ptukmw 

Fig« 5. Determining the Length of Reaction Zone 
«€=* 0.15; If » 0-1 second; t ~ l,0ö0°C 
A -  Temperature in °G;  * B - Reaction zone; 
C - Distance from the inlet of the reaction vessel 

SS^^iM^j^JI^^YgP2SM^   ^e tables were compiled by including 

only those experiments which had yielded, a satisfactory coincidence 

between the material balance sheets and a satisfactory distribution of 

temperature in the reaction vessel. Buriag the calculations ofthe 

yields by weight-^£^lJ^d^M^5l--22?PPÄeJlts> m<i during ^ .. Jf.kg. ,_gflgg|y 

13 



calculations the losses of fuel in the experimentswere proportionately 

divided among »all the components. This is natural considering thäv- 
;30 niiioh 

the losses consisted not ."-'of actual losses of substance .?»s 
A 

of errors of individual measurements and ,      analyses. The yield. 

by weight of fluid is defined as the weight ratio of the combined 
liquid 'i. ©W%itt*A 

total amount of,reaction products to the weight of thefeenzine taken. 

During the determination-of the extent.of transformation, the liquid 

hydrocarbons boiling out at up to 150°C which had not changed after  j 

treatment with Kattwinkei«s mixture were regarded as untransforraed fuel. 

Inasmuch as the • original fuel (B-59) contained     ; 
! 

approximately seven percent aromatic hydrocarbons, the magnitude deter* 

mined in this manner is not an exact- one; however, a more precise method 

of determinina**extent of transformation" could be hardly feasible in • 

practice. The table of the composition by weight of the products of j 

gasification (Table 3) serves as the starting table for all thermochemieal 

calculations. The caloricity of the liquid products of reaction was 

determined by using an interpolation graph illustrating the relation- > 

ship between caloricity and the specific gravity of the fluid. The  , 

maximum caloricity of the B-59 was assumed at 11,000 k±localories/kg. j 

Results ofthe Experiments I 
t 

Conditions of the Experiments and Systeaatlaatipn of Results.- The j 

experiments were conducted at temperatures of 810-830, 900 and 1,000°C 

'-Por several different • andfora fixed T= 0,1 -second. In addition, twi A 
series of experiments were conducted for variable V at temperature of 
1,000<>C and atötf* 0.13 andOt« 0.15.    The pressure in the reaction 

14 
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'   vessel C". -H- varied from. 1.25 to 1,4 atm during ::£ different experi- 

j raents. Tte fluctuations in pressure during any single experiment 

V    did not exceed 0.1 atm. 

The results of 20 experiments are cited in composite tables 1 and 

2. Table 3 cites the distribution of the carbon and hydrogen of the 

original bensine among the individual, reaction products. Jigs. 7 to 

23 illustrate the tabulated data and their ' 'V -«recalculations in 

various forms» When examining the graphs of yield it-should be taken 

into account that the curves they contain are not interpolativ© and 

indicate merely an approximate course of the variations in the yields 

various  ,.A.       „    ,  _ 
of products under --*^»«^-': conditions    of experiments 

fee pa;?e X8&7 

... —»,.,—, -  —- — -  - -    Experiments; 
2, No. of Experiment; 
3, Conditions of Experiment;' 
k.  Temperature, °C; ,; , 
5. Extent of transformation» in percent by Weights 
6. Xleld of Fluid, in percent by Weight of .Benssine 
7. Yield of the FractionaÄtJtwapd of 200°G, in percent by Weight 

of Bensine; . ..  with b.p.of ;'- 
8. Yield'of"'Tars.' in percent by Weight of Benzine; 
o. Characteristics of. liquid..Products; 

'TO* Boil. P* vp to 2QQ°C according to Bngler; 
11 /Specific Gravity of Fluid; 
12. Mean Molecular Weight; 
13, Unsaturated, in percent;. 
Ik.  Unsaturated + Aromatic , in percent,; 
15. Deviations from the Material £~T: Balance Sheet, in percent 

hf 
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Table Z * 

1. Composite Table of the Results of the Sxperisnents; 
j 2. No. of Experiment; 
I 3« Conditions of Experiment; 
( 4. Temperature,   °G; 
j 5i Weight of one^liter of Gas; 

6. Composition of Gas; 
7. Maximum Teraperatiire in Reaction Vessel» °C 

3o.e pa?e IGa 
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1.Distribution of Elements of Original Benzine Among the Products of 
1 Gasification, in percent by weight; 
L Ho, of Experiment; 
§.' Higher Unsaturatsd Compounds? 
t. Oil; 
6. Percentage /Ratio/, of C to the 0 of Benzine; 
j». Percentage /Üatio/ of N to  the M of Benzine; 
7. Ratio of Column 15 to Column 12 

*See page 17a» 
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!  T^perature Regime,, The curve of temperature distribution along th« 

| reaction vessel, shown in. II«. 5, is typical of an ox^izing-dsco^posi- 

tion reaction involving a »ixtare with a substantial asiount of oxygen. 

Under these condition« the effect of external heating aanifests itself 

but little, because the greater the concentration of oxygen the sraallei 

the amount of SSt7     .    ' "• ^to the reaction aone for 

the purpose of the towraal balancing of the process. WtenflC» 0,13-045» 

the introduce* heat is in. practice needed only to compensate the 

heat loss, and when oC* 0.15 annähert contact time, the reaction 

proceeds nearly without any introduction of external heat. 

The t@aperatar-e field i ,i:\  ■'■: itjthese experiments should 

aaodaaUy reproduce the temperature fl«J/i of an «adiahatlc« reaction 
values of-o< ^  un 

vessel. In the experiments with low * , when the fairly considerable 
'\        . .ooinpensatdd/, 

consumption of hsat on endothemal reaction is '  A  ^'external 

heating, a sizable temperature ^' drop existed between the external 

wall and the gas, which had distorted considerably the temperature 

field of the reaction and the results of measurements by the 

thermocouple. 

All the curves of temperature distribution point to a high rate of 

I oxidation and release of heat at thu beginning section of the reaction 

vessel. In the experiments with lowOC the temperature renains approxi- 

mately constant once it reaches its maxto. In the experiments with 

high/fthe temperature drops after it reaches its maximum (t^ in 

Fig. 5), apparently because of the absorption of heat by the dacowpoei 
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: tion reaction, and it reaches its minimum (t^. in Fig. 5). '-. ' " 

whereupon it' again risss slowly, which we are inclined to ascribe to 
i ! 

j the condensation reactions öf unsaturated proaiiots, accompanying the | 

release of heat. ' 

The degree of the " noB-isothermai state of the process could 
Xm'tfi 

be characterized by the ratio Ö»- sr-^' » whose relationship to 

changes in temperature (when T ■ is constant) is  illustrated in Fig.6* 

As can be seen from Fig. 6, %  decreases with increasing ÖC, which   j 

corresponds with the increasing autonomy of the process. The fact thaj^ 
i 

the curve for 900°C extends below the curve for 830°C can be explained; 
i 

by the increase in extent of decomposition, accompanying, the increase j 
i 

in temperature, and by the more extensive cooling of the reacting-   j 

mixture, The progress of the curve for 100°C seems at first glance  j 

unexpected. The only plausible assumption would be that at higher   I 

temperatures the endothermal decomposition reaction reaches a       : 

comparatively high extent before the *oxtdation;is yet completed,   ; 

depressing the temperature peak, analogously to the ; 

fact that dissociation, increasing the so-called effective heat     j 

capacity, restricts the rise in the temperature of a high-temperature I 

flame. The retardation in the rise in the maximal temperature of the j 

process» cowaensurate with the increase in @o» and the decrease in th^ 

temperature difference (t^gf-1^n « AT) at a rise in reaction tempe- 

rature, as illustrated in fig. 7, oouldjb« explained in the same 

manner. 
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I   Orlda-tion Stage. The schematic representation of oxidation and 

! decomposition as independent and. successive reactionsreflects clearly j 

the external thermal manifestations of the process-. The ehoaistry of | 

the process of oxidising gasification isimdoubtedly rauch more complex 

and the present study does not provide data for determining the chemical 

4"""   "~ mechanissi of the unfoldinc reactions» 
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Fig. 7. '  i 
Temperature Dependence 
of h »tmax and At 
(t= 0.10 second) 

Fig. 6. Relationship Between 
■ the ?** Ratio and** 

and t (r= 0.10 
.' second) 

The bound, oxygen manifests itself in the gasification products    j 

nearly completely in the fors» of C02, H£0 and CO. The percentile shajj-e 

of the oxygen that participates in the reaction proved to be virtually 

constant for the investigated values of T. (Fig. 8). 

The presence in the gasification products, «hen T is low, of compa- 

ratively large amounts of fluid with a specific gravity of 0.78-0.79 
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Fig» 8« Relationship Between Extent of Reacted Part of 
Oxygen a»4 th® Time» of Contact  ■ 

A - Percentage of reacted oxygen 

I   (Pig, 10) aisd ol»finie h^rocarbomt ]""'""*"'"    "^ß^Had "Cj^Cflg. 14), 

Indicates SB inesss^lat® d&eosapositioB... - This makas it possible to 

state that th®   oxiö.stioa'öf th« fasl» accompanied by a release of 

heat, ,  '  ©nds long before the ©Ming of th® gasification-. ! 

Howtf&r, %"m q^estioH of        .how and through 

what intermediat® stages do«r> the proosss of oxidation '. proceed 

rmains unclear j doss there occur a primary association of __ 

oxygen» with th© formation of aM®hyä&B* alcohols, acids* and other 

acid-containing ooapotmdsi similarity to what'occurs at'  . . 

lover temperatures, with a» subsequent thermal decomposition of these 

substances! or doss this process evolve in th@ form of a destraetiv® 

oxiä&tlok- ^-tfa & de0P disintegration of th© fuel solecula during 

th© eleaentarj act itself of combination with oagigen, with direct 

formation of the final products of oxidation] or» lastly, do 

sost» intexuediftt« «tagss taks pl&e®? 
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^  Decree of Gasification.*.^ Fig, 9 illustrates the yield by wight of 

; the liquid hydrocarbons, serving to determine the degree of gasification. 

I For all three temper&teres the degree of gasification increases with  i 

| increasing ex. which apparently is to be explained not only by the increase 

in the extent of dissociatic« as a result of the considerable aiuount of 

the oxygen participating irifefaa reaction but, to a certain extent, also 
I . ■ : 

by the rise in the raaxisura temperature in the,      ..'") reaction zone.     | 
i 

However» the most ' ~ decisive factor is the high concentration of j 

oxygen. This can b© seen from the fact that the fluid yield «hen i 

oC= 0.03 and   T '   Ä 1»000°G is twice as high as-the fluid    i; 

yield when oc= 0,15 and ' x    Ä ^30°C» although in the former  j 

o 
case maximum temperature reaches 1,000 C, and in the latter — only  j 

920°C ' . • ) 

*'X}IB decree  of gasification ggrtains to the relative 
(by "'sjt.   in percent)  amount" of the  original liquid 

' f&\J1  that has become  transformed  into permanent  ga^es 
{irioludir.g 0A). 
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■?FIs-. 9» Relationship Between 
f  °    Yield of Fluid By wgt. 

■and 0^ when. *£ a °*x 

secorjd 
•■ .—t« 380°0; *—t = 

900°C;A -t = lt000°o. 

•  A -Fluid yield in $ 
by wgtcOf bensina 

'(»ra' 

Fla;. 10. Relationship **WM» 
Fluid Yield and Contact 
Tim® when t * 1,000 C 
#«»«!» 0.13s + -HEC5*!» 
A. Fluid 3Ti*^ in Percr 
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Fig* 10 illustrates th« relationship between the yieM of fluid 

(in percent by weight of the original begins) and th« reaction time 

at a temperature of 1.000°C>- 0.13, and <*« 0.-13. It follow 

from these date that there exists a contact time at Which the fluid 

yield is minimal. In measure with the increase in contact time the 

yield of fluid by weight gradually increases, and this is accompaniedj 

\yr a rise in the specific gravity of the fluid (Fig. 11). j 

The specific gravity of the fluid wheat is optimal, equals 

approximately the specific gravity of the aromatic hydrocarbons, and 

the amount of tars .is very low. 

Th* longer the reaction time tfae/apid«* the rise in tfc* «©«ific 

gravity of the condensate and^he» yi^d •* M-gh-boiling-psint ftafltli*» 

and tars, which fedfccatM an intensive unfolding of secondary 

condensation reactions (Fig.. 12). 

See pa*?e 23a for'Pigs.  11 anad 12. 

Ar*   V 



Relationship Between Specific 
Gravity of Condensate and 
Contact Time, t » 1,000 0 

condensate 

LB jus m ass m wot 

f 

Relationship Between 
Held of HLeh-Boilina-Point 
Fractions of Condensate and 

■JEaT^JUidJkuataaLJElmaJ t *» 1,000°C 
# A - Yield of fractoBS boiling Mr 

upward of 200°C in percent 
by weight of beasine 

B - Held of tar in percent 
by u@igb.t- of bensine 
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I  Yield of gnsaturated Gases and the Mean Decree of Unsataration of 

' theHydjx>carbon Products of Gasification«  The Changes in the yield 

of unsaturated gases according to the conditions of experiments are of! 

special interest, the yield of G3«0iJrol«
t£ins decreases quickly 

(when X is identical) with rising temperature. The yield.curves for s 

each of the investigated tsmpetfat'tsreahave a ifiaxlmim along OC. An 
\ 

explicitly esqpresssd maximum   along £C  is also displayed by the 

curves of the total yield of unsaturated gases. 

The yield of ethylens increases steadily,, and the yield of 

unsaturated 0-5-C^s dearaaaeaü*ith rising tsBiperature(Fig. 13). The 

opticalQCis identical for all temperatures and equals 0.1.        ! 

The afore-cited data. T-"  ~   . >. :'.' . . }. .iS t  ■"""*":.) pertaining j 

to a single value of contact time are not exhaustive enough to'     '■ 

determine the achievable optimal yieldspf unsaturated reaction prod- 

ucts. The optimal conditions for obtaining unsaturated gases could ; 

be established only by comparing the yields of these gases under    • 
values o^0( ''....., 

various j.   and contact time?,optimal for all temperatures.    ; 

The mean degree of unsaturation of the hydrocarbon products of 
i 

the    -  ".decomposition reaction could be characterized by the ratio 

of the amount of carbon to hydrogen as associated in these products, \ 

which ratio we will hereinafter denote by |v for :  , brevity. 

For a given initial magnitude of this ratio in the original raw 

Material (S^)  the magnitude of <§ in the normal . „,. pyroiysis is 

determined by the amounts of free hydrogen and solid carbon released 
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i ^:'tfiVeciirse;bf the 'reaction»    On pressing 'the"äaöuhi 'of carbon by 

Jthe nöfßber of C-atoras,aad the amount of hydrogen by an half of the 

ftUJ3bar'of;:K-atons ia ä hydrocarbon' molecule» we flad that'$,f I for 

all icbnoolefins and saturated &.....    ^ napHthenes without side "chains, 

ö~ 2'for bemsene» and  *&0» -9p for the C^ hydrocarbon in the 

gedföral-fpra (Fig, :lk). ■ '1J ' " 

'*Vä 
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■ (6\ 
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v 

Sos m mi 
I . 

WiSäi  fcX £0r 

, r ./:■■:  , .• •■  .-. -W ■ 
Fig. 13«. "Conditions of Maximal 

-.:''s Yield of Unsaturated 
Gasest * Ö.1 seconds, 

:; rr:;':':J. :*ucc of maximal yield", 
B - 'Maxjjaal yield in 

:       percent by weight 
of benzine 

Fig. 14, Relationship Between lieu ; 
of Ünsaturated Gases -and t*\ 
*.;.. " :, MhenOC » 0.13 i } 

• andt = 1,000°C..," ./ ] \ 
A - Yield in percsat by j ; 

■ weight of benzinej j < 
B «* f seconds        1 ' 

i  If it is considered that Sw~ 0,93 even .in such a paraffinic banzinia 

.as the investigated B-59* it becomes clear that the obtainmsnt of largs 

Wounts of a gas consisting of laonoolefins» lower paraffins and bydrogisri 

i     < - necessarily involves \" : substantial yields of high»molecula|? 

condensed compounds including even cok©« 
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)   The introduction of oxygen into the thermal decomposition reaction 

'-■■■  may in principle alter significantly the above-outlined picture, because 

the mutual association of a part of hydrocarbon and hydrogen into CO-,,1 

CO and HgO % is bound to reflect itself in the mean degree of unsaturajtion 

of the hydrocarbon products of decomposition. Here the effect of the j 

introduction of oxygen f*""^. should hinge cm both the relative amount ! 
i 

of oaygen and its distribution among the oxida t'loji products. It is I 

therefore natural that the clarification of the laws governing the j 

distribution of oxygen among the oxidation products acquires special' 

importance. 

The lower part of Fig, 15 illuatrates the relationship between the» 

the ■>% of the wbon of the original fuel that has become oxidized j 

into CO and C02 1 _..""""____.. ~~~S to the share of the hydrogen   ' 
value of ; 

oxidized in water and thöfö. ""As can be seen from Fig. 15, this ratio j 

was greater than unity throughout the investigated range of temperatures 

in all experiments save one, and undoubtedly it increases with 

an increasing CC., ■■     . I 

Thus, if no specific effect of oxygen en the formation of free   \ - 

hydrogen is presupposed, the introduction of air should foster a    \ 

decrease in the mean degree ' "» of unsaturation of the hydrocarbon 

products of decomposition. The influence of temperature on this ratio 

is apparently not great and it is clearly overshadowed by the fairly 

wide spread of experimental points.   the upper part of the same 

Fig. 15 illustrates the ratio (let us """" denote it by *Y") of the 

-4      ~— . __ 
wm  1 .■lll|ni«""iMi   »*_. . 



share of the oxygen-bound carbon to the shs.ro  of hydrogen in water and 

in free state. This ratio also grows with an increasing X for all 

temperatures, reaching unity when ÖC« 0,15. Under-these conditions 

{~/~ 1) the degree of unsaturation of the hydrocarbon products of the 

reaction is &~ S0 ,  which could never have been achieved during a 

non-oxidising decomposition» The effect of temperature is difficult 

to determine in this case also, the more so as the comparison of data 

pertaining to an identical contact time is arbitrary in nature. In 

effect« when teirperature rises but t remains constant,, the yield of 

hydrogen increases not only because of a more extensive decomposition 
scras'tar' 

but also because of theiextensiveness of the secondary condensation     ! 
,   .f\ j 

reacttos unfolding with-the release of free hydrogen.    The increase      i 

in the vield of frr^ydrogen and in the cited, degree of unsaturation    j 
.;: the hydrocarbon x     fa - 
"ofyffeäctxön'products (ö Ä ) ■with increasing contact time,  as shown in : 

Fig. 16» corroborate the above«    Equal conditions for comparing the 

results obtained at different teapsratures 'would be constituted by 

a ooHiparison of the measurements conducted at an identical — in the    [ 

physical sense — contact tune, e, g.f at a contact time corresponding 
i 

to a minimal yield of fluid. j 
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Fig. 3.5« Influence of the Concen- 
tration of Air on the GoBip« 
sition of the Non-i-^dro- 
carbon Products of Gasifi- 
cation. 

Fig. 16. Relationship 'Set-ween  | 
Yield of Free Hydrogen: 
and Degree of Ünsaturation 
of the Hydrocarbon Products 
of Reaction and the  ! 
Strictness of the Regime 
A - H« H (benzine) in $ 

The character of ths change in v doas not in itself reflect the 

s 
7 

change in Ö which, as can be easily demonstrated., equals 

I -A 1 — A 

where h denotes the share of .hydrogen that went on the formation of ! 
i 

water and of ths hydrogen present in free state in the reaction produ4ts. 

It follows from the above equation that the afors-oited dsgree of 
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unsaturation decreases vith increasing y « As for the increase in the 

raawnltude of h, this increases «3£> when *§< 1 and decreases- •$ when   J 

! S">1 * It can be seen from Fig* ^ that the jaaSnitud® of h increases] 

«lth increasing <X approximately like y, and it Ä is this that 

results in the feeble dependence of «~§ en <SC up to CC^S 0.13-0,15, j 

- "! ' fas illustrated in Fig. IjJ which is the starting point for the i 

decrease in & (the asterisk in Fig, 19 pertains to the data of an j 

experiment conducted whenCC* 0.20, T « 900°C, and fs 0.10 second), j 
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'Tihus, the optimal ". gasification to obtain poorer gas would be tha£ 

conducted «hen*^G.15 and a^ short contact tioa.    An-excesslve IBOTMM 

in <xf leading to a decrease in the total yield of hydrocarbon reacting 

products, wold not1 promote  the* obtalnoiant of teohnological gas 

It should be noted that the foregoiflg statemonts pertain to a 

definite range of t«s>«ratures within which the dissociation    r reached 

a considerable extent, i. «., it pertains to gasification.    At the 
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\  temperatures used fox- * ~~f Dubrovay~type oxidising 

cracking the '.   . laws might be different» not only because of the 

possible differences in the distribution of $$g oxygen among CO, C02 

and H20 and the smaller extent of dissociation but also because at 

temperatures of 500-600°G'the amount of the higher products of 

o-Kidationi still reasains comparatively large» 

Fig, 19 shows the \ t relationship between changes in  ! 

nvatual • j 
the "ratio of the amounts of carbon and benzine oxidized in CO? and CO, i 

r - ; 
' .     ■ ■   i 

respectively, and changes in oc and temperature.    As can be seen from | 

Fig. 19. 00o pre&oaiinates '.' ": in th© oxl&ationt products 

whenöc is low, ami Co, when« is high.    The rise in x, ~:temperaturej 
i 
t 

at a low oc leads to an increase in the relative yield of CO, whereas I 

whence is high ({ÜsL 0,15) the effect of tesaperature is hardly appreciable. 
*B r --■,•■•—-, -,  r  i ;r..: ::r.../...u 

m 

&'.'.   QJO 015 

Fig. 19. Relationship Between 
Ratio of 4g& Carbon 
Content in C02 to    

r\        _. '"      m Te.J^r^'h 
Carbon Content in CO  Fig, 20. The Problem of Determining the 
and the Oc. Equilibrium of Water G|s 

During Gasification. 
A - Theoretical curue; 

■   B ~ Experimental point; 
G - When X iß minimal 

 g - Also when oc^-Q.l 
' £ - temperature in °C 
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fhe vital importance'of the aamt&r of ths distribution of oxygen 

to the nature of the reaction products mkes it particularly important 

I to clarify the laws governing this process and the-possibilities for 

! eoatroling them. In Fig. £0 the points denote for all 20 experiments 

the values of the ratio 

"[CCj.jH,Ö!~ ft 

asainsmaximal teraperature in. reaction sons.    The solid-lin© curve 
\ . 

. representa the change in the equilibrium constant of water gas 

according to temperature» after Gan (Bibl,  10),    The experiments 
small squares* ?wo' ^ 

for' QC%> 0,1 are denoted by experimentskt i,000°C,j 
■ \       | 

oC a 0,13 andot » 0.15 and the Miniuma t* (0.025 and 0.02,       j 

respectively) are denoted by circles., As can be seen from Fig. 20,  I 

the points lie '   ^w,.,_._ ~""^ closely along the curve when c^^ 0.1 \ 

and when the temperatures range approxtjaately from 1,000 to 1S.050"C, ; 

value3 °^jj?£) ; 
which makes it possible to assume that at such y*"'ancf temperatures thö 

relative concentrations of HpO» H2» COg, and CO are determined by the j 

conditions of the eauilibriuiti of the water gas, I 
j 

j       Of extreme interest is the question whether it is possible, through 
oortatituants   A, 

a oreltoinary introduction of water-gas •.     -   ;;, ■      into the reaction 
-A 

sone, to alter substantially the distribution of the ostygen of the air 

among the products of deep oxidation, and thus to influence the mean ' 

degree of unsaturation and the composition of the hydrocarbon, products 

of gasification. Bven if the added water will not, because of its 
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' great chemical strength, participate in the reaction» the presence of 

T"       ' .. this excess water in the reaction zone would be bound to 

I lead to the formation of relatively large amounts of carbon oxides   i 
i • i 

and thereby also to a decrease in $', if only the equilibrium of the \ 
■I 

water, gas Would materialize itself. A converse effect can be expectedj 
i 

when C(>2 is introduced in advance into the reaction zone. i 

Distribution- ;\and.Balance,of Heat^Producing, Opacity in the 

Gasification. .Productsi._   For an efficient construction of the     ! 
i 

gasification process-it is essential to bo familiar with the total   i 

thermal balance of the process. The data in Table 3 make it possible j 
i 

to compute the total heat-producing capacity of products and, on 

comparing it -with the heat-producing capacity of the original benzine, 

to determine the heat I        vioss during the gasification process. FigI 

21 illustrates the loss of the heat-producing capacity (in percent) 

of the original benaine in the course of its gasification as 

according to contact time, at a temperature of l,000°Cf in two      ' 

mixtures with a different composition (cC~ 0,13 and OC » 0.15). the 

course of the curves shown 1 coincides satisfactorily "with    I 
' \ j- . i 

the interpretation of the process of oxidizing gasification provided j 

in Sections 2 and 3* I 
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Jig« 21, Relationship Between the Loss in the. Heat-Producing 1 
Capacity of the Original .Fuel During Gasification and the | 
A- loss in the heat-producing capacity of th© fuel | 

during gasification (in percent) ! 

Daring the first stage of the process, during oxidation and    \ 

incipient decomposition of the gasified fuel,' the de-crease in the   I 

chenical enersy of the fuel results in the release of heat which    i 

heats ivp the mixture to a high tesiperatttre, in which connection the  I 

heat »producing capacity of the fuel declines. The subsequent deep ■ 

erdotherma.1 dissociation results in the absorption of the heat arid 

its re-conversion into the. chemical energy of the fuel« As the     ■ 

contact, time increases in durations seooiidaiy exothermal condensation 

reactions reduce again the useful heat-producing capacity of ths gasified 

fuel, fhus, -minimal loss takes place at a contact time during which I 
I 

the process of the primary dissociation of the fuel cosies to an end  j 

and the secondary i—„_  condensation reactions do not yet attain   j 
i ( 

a considerable extent.  A comparison of Fig. .21 with Fig. 10 shows 

that the niniaml loss of haai«produolng capacity and the minimal 

yielf of fluid take plac© at approximately equal contact- time, which 
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confirms the above-expoundad scheme of the process. 

To.determine the change in the loss of heat-producing capacity 

at changes in ^x-and in temperature» it would be-necessary to eoaioare 

| this loss for the values of contact time corresponding to the minimum 

of the curves of "loss of heat-producing capacity—contact tine,»*. 

However, we possess such data, only in relation to two'.gasification 

regimes, and therefore data obtained at an identical contact tirae of 

T * 0.1 second were plotted  in Kg. 22 for the entire range of 

the investigated values of OC . The blaekened-in circles denote the  i 

*T"_ ■ , 
loss at optiaal values of ■ '.•>. ._ ' forot - 0.13 and 0.15. As can   : 

,  ■ be seen from Fig« 22, ihe heat-producing capacity of gasification ! 

products decreases with increasing X and .-    _.' increases with    | 

rising temperature. WhenötÄ 0.03, for all three temperatures» the 

heat-producing capacity of the |      reaction products is greater 

than the heat-producing capacity of the original fuel, whence it 

follows that under these conditions the over-all reaction proceeds 

by absorbing the heat introduced by electric heating, tfith. increasing. 

£€ the consuißption of heat on the dissociation of the .fuel becomes  j 

increasingly supplied, by the release of heat frora the oxidization 

of the fuel, until, at a certain value of ö£; » both these values     ; 

/of heat7 level outpne another. Any further increase in oc will then \ 

already lead to a loss of the heat-producing . : capacity of the fuel, 

A rise in temperature leads to an increase in the extent of the decom- 

position of the fuel, and therefore the thermal balancing of the prcce; 
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4» requires the introduction of an appropriately large amount of oxygen. 

The curves in Fig* 22 make it possible to evaluate the order of raagni-j 

tude of the heat of
dis^i&tion öf the fuel during gasification, j 

and its tewperature-dependence. Pig. 23 illustrates the relationship j 

between the heat of dissociation^ computed per kg of banaine, and 

temperature* The circles denote the data of the"calculation for a 

variable -x. and the *'"" "'"crosses, for Oc = 0.15. During the 

calculations it was assumed that 90 percent of the mixture*s oxygen 

enters into the reaction (Fig. 8), and it was considered that, in 

^ "" accordance mth the ,™~ distribution of Og at every point, 

a part of the oxygen oxidises carbon to CO and not to C02. We ignored 

the difference in the heat content of the mixture before and after 

the reaction. 

Sn 



„.I™, 

Ä 
>w 

x 

NJ 
° toun   m\ 

& £ ■   0? 

-v- *~--Nc-f-- * 1000°r-= c/S i 
»X ■ i 

 ! 2£k "•fcp—  

iM. 

on 

Fig. 22« 

OM SP8 Ott 
 et —«, 

016 

Relationship Between Heat» 
Producing Capacity of Ga- 
sified Fuel and oc and T. 
A - Heat-producing capa- 

city of gasification 

of the heat-producing - 
capacity of the original 
benaine. 

X :JION 

Fie. 23» 
iioo      izoe      mo     um 

'avneikimret: t "# £~, 

-Relationship Between tha 
Heat of Dissociation , arid 
Teiapsratare.)1^-'*» 0*15; 

Ö-- cc* corresponding to the 
thermal balancing of the| process. 

—^«^iS»rfc--ofrr^atrtet>Trt:irl. 
kil&oalories per kg of disso- 
ciated benzine; 

B ~ Variable oc      _ 
0 « Temperature in °K /sic/ 

-V-, i!?'v^v;;-V 

B- Sec. 

55a 



Regarding the course c? the curve, it is pertinent to not© the 

following: the investigated temperature z*ange is distinguished by 

being precisely the one within which certain products of thermal 

dissociation of hydrocarbons, stable at lower temperatures, begin 

to decompose themselves» which leads * to ?.n increase in the extent 

and hence also heat of the dissociation« This pertains particularly 

to methane which is virtually totally stable at temperatures of up 

to 800°G, and to ethane and |j ethylene which decomposite? at a still 

comparatively slow rate at ten$>eratures- lower than S00°C. With 

decreasing temperature the ^  ' "-.reaction passes over to a range 

within which the above-enumerated decomposition products (and 

farther on, also others — propane, propylenes etc.) become final 

products so that as a consequence the heat ?_        "i absorbed  j 
i 

by the reaction decreases —  naturally,— until it becomes equal to 

zero at the temperature of the beginning of dissociation (r^~^00°Gjß. '. 

ConclugiOTS 

The study of the oxidizing gasification of B-59 benzine has ; 

.' " revealed the following J j 

(1) Under identical temperature and time conditions the introducticjn 
1 
i 

of oxygen into the process increases considerably the extent of 

dissociation of the fuel. 

(2) The entire process could be described as a three-stage one. 

Birst occurs a rapid escothermal reaction of destructive oxidation, 

and then an endothermal decomposition reaction, which in turn is 
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: followed by the condensat^i of the unsaturated decomposition products. 

Jificordine to conditions (vainly t&npesrature), these successive stages 

; may more or less overlap, 

i   (3) Th» decomposition reaction and the secondary condensation 

i reactions are clearly separated in time,■so that through an appropriate 
I -, ! 
selection of the time of contact it is possible to attain an extremely| 

1 | 

high, decree of gasification (up w «v 90 percent) with a low yield of j 
I 

condensation products, ') 

(4) Every tssiperaiure has its ow?i optimal iralu©| of« aad contact ; 

tiwe resulting infche maximal y5 aid of t unsatorated gases. ! 

The largest obtained yield of unsaturated gases amounted to 62 percentj 

by weight of the benaine. Ihe largest — 3*5 percent -*- yield of    j 

o * 
ethylene was obtained at 1,000 C. ; 

(5) 'The distribution of oxygen among the final products of oxidation 

together with tho yield of free oxygan determines the mean degree of : 

unsateratlon of tha hydrocarbon products of gasification and by the  j 

saiae token the j """"   usöability of the gas in power installations ; 

and as technological gas. The mean degree of unsatoration of the    ; 
i 

hydrocarbon products of reaction does not change untilCC ~  0.13 an^  j 

0.15, whereupon it begins to decrease rapidly. | 

(6) A comparison of the    above-obtained data with the isochore ! 
j 

of the reaction of water gas provides a foundation for assuming that 

when OC/* 0.1 and at maximal 1,000-1,050°C temperatares in the reaction 

zone, the composition of the non-hydrocarbon products is regulated by 
| the equilibrium of the water gas. 
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IK this connection, it is of utmost interest to make a special I 

stud^pf the possibility of regulating the process by an arbitrary shift 

of the equilibrium through the addition of various specific non- 

bydrcearbon ±~~~^~'^IZM^ products of reaction to the 

original mixture. 
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